10 Within family Baculoviridae, members of the Betabaculovirus genus are employed as 11 biocontrol agents against lepidopteran pests, either alone or in combination with 12 selected members of the Alphabaculovirus genus. Epinotia aporema granulovirus 13 (EpapGV) is a fast killing betabaculovirus that infects the bean shoot borer (E. 14 aporema) and is a promising biopesticide. Because occlusion bodies (OBs) play a key 15 role in baculovirus horizontal transmission, we investigated the composition of 16 EpapGV OBs. Using mass spectrometry-based proteomics we could identify 56 proteins 17 that are included in the OBs during the final stages of larval infection. Our data 18 provides experimental validation of several annotated hypothetical coding sequences. 19 Proteogenomic mapping against genomic sequence detected a previously unannotated 20 ac110-like core gene and a putative translation fusion product of ORFs epap48 and 21 epap49. Comparative studies of the proteomes available for the family Baculoviridae 22 highlight the conservation of core gene products as parts of the occluded virion. Two 23 proteins specific for betabaculoviruses (Epap48 and Epap95) are incorporated into 24 OBs. Moreover, quantification based on emPAI values showed that Epap95 is one of 25 the most abundant components of EpapGV OBs. 26 Introduction 27 The family Baculoviridae comprises a diverse group of large double stranded DNA 28 viruses that infect larvae of the insect orders Lepidoptera, Hymenoptera and Diptera 29 [1]. Baculovirus have a rod shaped, enveloped virion with a circular genome ranging 30 from 80 to 180 kbp [2]. Virions are found in the environment embedded in a 31 proteinaceous matrix that forms occlusion bodies (OBs), a phenotype that is resistant 32 to desiccation and UV radiation. OBs on leaves that are consumed by foraging larvae 33 reach the midgut and, after being dissolved at high pH, release the occlusion derived 34 viruses (ODVs), which initiate infection of the epithelial cells. These infected cells 35 produce budded viruses (BVs) that disseminate the infection systemically [3]. Based on 36 OBs morphology, baculoviruses were first classified in two groups: 37 Nucleopolyhedrovirus (NPV) and Granulovirus (GV) [1]. Later, they were taxonomically 38 divided into four genera: Alphabaculovirus (lepidopteran-specific NPV), 39 Betabaculovirus (lepidopteran-specific GV), Gammabaculovirus (hymenopteran-40 specific NPV) and Deltabaculovirus (dipteran-specific NPV) [1]. 41 Among different entomopathogenic viruses, the baculoviruses have received most of 42 the attention due to their narrow host range which makes them safe pesticides. The 43 majority of commercial products are based on virus isolates that belong to the genera 44 Alphabaculovirus and Betabaculovirus [4]. The bean shoot borer (Epinotia aporema) is 45 an oligophagous pest that attacks soybean crops [5]. A poliorganotropic fast killing 46 betabaculovirus for this species, Epinotia aporema granulovirus (EpapGV), has been 47 discovered and sequenced by our group [6, 7]. In order to improve our understanding 48 of the infectious process we set out to analyze the protein content of EpapGV OB using 49 a proteomic approach. 50 Mass spectrometry-based (MS) proteomics represents a powerful technique to 51 interrogate the structural landscape of viral particles [8]. In addition to direct protein 52 identification, spectral data derived from proteomic experiments can be used to 53 identify novel features within genomic and transcriptomic datasets. This 54 proteogenomic methodology is independent of reference annotation, thus providing 55 excellent means for the refinement of gene models and the discovery of novel protein 56 coding sequences [9]. 57 Virion proteomics has been applied to study several DNA virus families (Ascoviridae 58 [10], Herpesviridae [11], Iridoviridae [12], Nudiviridae [13] and Poxviridae [14]). In 59 relation with the present study, eight ODV proteomes of baculoviruses have been 60 analyzed (AcMNPV [15], AgMNPV [16], ChchNPV [17], HearNPV [18], MabrNPV [19], 61 ClanGV [20], PiraGV [21] and CuniNPV [22]). These datasets point at a complex virion
131 performed with a precursor mass tolerance of 10 ppm and product ion tolerance of 132 0.05 Da. Static modifications were set to carbamidomethylation of Cys, and dynamic 133 modifications were set to oxidation of Met and N-terminal acetylation. Protein hits 134 were filtered for high confidence peptide matches with a maximum protein and 135 peptide false discovery rate of 1% calculated using a reverse database strategy. The 136 exponentially modified protein abundance index (emPAI) was calculated automatically 137 by Proteome Discoverer TM software and used to estimate the relative abundance of 138 identified proteins within the sample. 139 140 Non annotated peptides search 141 The complete genome sequence of EpapGV was translated in silico in all six frames 142 using the Mascot search software. Spectral data was searched and all peptides hits 143 were filtered to discard matches in previously annotated ORFs. The remaining peptides 144 were mapped to the corresponding genomic position. Search for putative unannotated 145 ORFs was done extending peptide hits until a stop codon was found at C-terminus, and 146 a start or stop codon for the N-terminus. Homologous sequences were searched using 147 the TBLASTN tool against all baculovirus genomes. 148 149 Orthologs clustering 150 A database comprising all the ODV proteins detected in baculoviruses was generated 151 using previous proteomic data sets [15] [16] [17] [18] [19] [20] [21] [22] . The software BLASTP [24] and HHMER [25] 152 were used to identify groups of orthologous proteins (orthogroups) among different 153 proteomes by reciprocal best hits. 154 
Results
155 Structural components of the EpapGV OB 156 We determined the composition of purified EpapGV OBs employing a shotgun 157 proteomic approach. The peptide mixture was separated by liquid chromatography 158 and analyzed with tandem mass spectrometry (LC-MS/MS). This approach was used to 159 avoid protein loss associated with SDS-PAGE gel extraction. We detected 56 proteins in 160 our purified EpapGV OBs samples. Genes encoding these proteins comprise 43.93% of 161 EpapGV total number of annotated ORFs (Fig 1) , showing that a large part of the viral 162 genome codes for structural proteins. A total of 10 proteins (Epap10, Epap62, Epap71, 163 Epap123, LEF6, P6.9, Hel-1, P18, DNA Polymerase and DNA Ligase) were detected with 164 only a single peptide, which might be related to low molar proportions of these 165 polypeptides in the sample (Table 1) . As additional evidence for the identification of 166 these proteins, we checked the presence of several ion products belonging to the 167 theoretical b and y spectral ions series for these peptides. The full list of proteins is 168 shown in Table 1 . In our samples we were unable to detect PIF3 and desmoplakin, two 216 and genomic location are detailed in S1 Appendix. One of these peptides matches an 217 unannotated 47 amino acids long ORF overlapping epap51 but in the opposite 218 orientation. We further examined the presence of this novel ORF in other members of 219 the family Baculoviridae and found that it is an ortholog of the core gene ac110 [29] . 220 This gene has been described as the per os infectivity factor 7 (pif7) and its product has 221 only been detected in the proteome of HearNPV ODV [18] and EpapGV (this study). 222 Genomic localization and orientation of this ac110-like gene is conserved within 223 Betabaculovirus, providing additional evidence about its evolutionary conservation. 224 The remaining six peptides overlap with annotated ORFs (chitinase, dna ligase and 225 granulin) or intergenic regions. Two peptides were found between ORFs epap48 and 226 epap49 and one peptide between epap61 and epap62. TBLASTN was used to find 227 putative homologous unannotated peptides in other baculovirus genomes. Only the 228 peptides overlapping with chitinase and granulin are conserved in homologous loci in 229 GV and NPV genomes (S1 Appendix). 230 Remarkably, peptides between epap48 and epap49 almost cover the entire 145 bp 231 intergenic sequence (Fig 2) . Epap48 encodes a 446 amino acid long protein that is 232 conserved in the betabaculoviruses. The putative translation product of epap49 is a 233 large protein composed of 1465 residues with no orthologs detected in other 234 baculoviruses. Mapped peptides are located in the same reading frame as the 235 translation product of epap49, but no methionine codon has been found in frame (Fig   236 2) . One hypothesis that could explain the presence of these peptides is that Epap48 237 and Epap49 may be expressed as a fusion protein due to a putative +1 frameshifting 238 event near the C-terminus of Epap48; further experimental validation of this potential 239 fusion protein will be needed to confirm this hypothesis. . 256 Our study expands this data with the proteins present in the EpapGV OBs. Sequences 257 of proteins detected in occluded virions of baculovirus were used to construct groups 258 of orthologous proteins (S1 Table) . For each of these orthogroups we scored the 259 number of proteomes in which they are present as a measure of their conservation. 260 We assigned them a class based in the phylogenetic conservation of their coding 261 sequence (core, lepidopteran-specific, genus-specific and virus specific) ( Fig 3A) . Most 262 conserved protein groups (present in a larger number of proteomes) are enriched in 263 core and lepidopteran-specific gene products. In contrast, proteins specific to a small 264 set of proteomes are encoded by genus-specific and virus-specific genes. 265 The betabaculovirus proteomes (EpapGV, ClanGV and PiraGV) were compared using a 266 Venn diagram ( Fig 3B) . From the proteins present in all three viruses, BRO, Epap48, 267 Epap95 and Epap126 are the only orthogroups without functional characterization. 268 Interestingly, Epap95 is one of the most abundant proteins according to emPAI values. 269 Additionally, Epap126 is shared between group II alphabaculoviruses and 270 betabaculoviruses (except for ClanGV) (S1 Table) . 
